Introduction {#sec1-1}
============

Cervix cancer is one of the most common malignancy in women throughout the world. Radiotherapy, which involves external beam radiotherapy (EBRT) and intracavitary brachytherapy (ICBT), plays an important role in its treatment. Heterogenous dose distribution and the steep dose gradient in ICBT help to deliver greater doses to tumour and lesser doses to adjacent organs at risk (OARs) making ICBT an integral component of cervical cancer treatment \[[@ref1],[@ref2],[@ref3]\]. A conventional method of planning involves the evaluation of dose to point A, including bladder and rectum reference points as defined by International Commission on Radiation Units and Measurements (ICRU 38) using two dimensional (2D) orthogonal radiographs. However, these points do not represent a true estimate of doses received by the target and OAR volume. This may result in parts of target underdosed and misleading doses of OARs.

With the advancement of imaging modalities, identification of tumour dimensions, disease extent and delineation of OARs have become much easier. The use of three dimensional (3D) imaging techniques like Computed Tomography (CT) in treatment planning can give a better understanding of treatment outcome. CT-based treatment planning helps to evaluate volumetric doses to OARs and target through dose-volume histograms (DVHs). It allows to visualise 3D dose distribution in different volumes of OARs and the target, and helps in estimation of doses received by them; it also predicts normal tissues complications and treatment responses \[[@ref4],[@ref5]\].

Magnetic Resonance Imaging (MRI) being superior in image quality provides better information about the disease extent and tumour size. However, in the current study, it was not practical for every patient undergo MRI due to resource constraint. CT imaging, though less sensitive, yet easily available and affordable, can provide sufficient anatomical information. Considering the importance of 3D imaging, we carried out this study to compare ICRU point doses for bladder and rectum using 2D radiograph-based plans with volumetric doses to bladder and rectum respectively obtained from CT-based plans.

Material and Methods {#sec1-2}
====================

In this prospective study, twenty patients of histopathologically proven cervical carcinoma with International Federation of Gynecology and Obstetrics (FIGO) staging from IIB to IIIB were treated with EBRT and High dose rate (HDR) ICBT between June 2015 and October 2016. A dose of 50 Gy in 25 fractions was delivered by EBRT using the box field technique, then brachytherapy was given after one week of completion of EBRT. A total of 60 ICBT applications were performed under general anaesthesia.

Intracavitary Brachytherapy Treatment {#sec2-1}
-------------------------------------

Each patient underwent three ICRT applications. Fletcher Williamson stainless steel applicators consisting of two ovoids (diameter 20mm, 25mm and 30mm) and a uterine tandem (angles 15º, 30º and 45º) were used. Different combinations of ovoids and tandem were used depending on patient anatomy. A Foley urinary catheter was inserted with its bulb inflated and filled with 7cc of contrast before each application to identify bladder point. After applicator insertion, guaze packing was done in anterior and posterior parts of vagina to fix the applicator position and displace bladder and rectum from the vaginal applicator. A customized rectal retractor with radio-opaque needle inside it was placed between the posterior vaginal wall and guaze packing to localize the posterior vaginal wall and identify ICRU rectal point.

### A. Two Dimensional Orthogonal Planning {#sec2-1-1}

Patients underwent 2D imaging (anterior-posterior and lateral) using orthogonal X-rays on the conventional simulator (Simulix Evaluation, Nucletron). Images were transferred to Oncentra Treatment planning system (TPS) through Digital Imaging and Communications in Medicine (DICOM) and treatment plans were generated. Point A, ICRU bladder point and ICRU rectal point were identified in treatment planning and also doses to point A, bladder (D~ICRUb~) and rectum (D~ICRUr~) were recorded, respectively. ICRU bladder point was identified with the help of contrast filled Foley's bulb, while ICRU rectal point was defined 5mm behind the posterior vaginal wall localized with the help of rectal retractor containing radiopaque material. Besides these points, doses to two additional points 1.5 cm above and below the ICRU bladder and four points 5mm cranially and caudally to ICRU rectal point were recorded ([Figure 1](#JBPE-9-603-g001.tif){ref-type="fig"}). The maximum dose received by every point was defined as D~Max~. Treatment was planned for three fractions prescribing a dose of 7Gy per fraction to point A. Optimisation was done by changing dwell positions in plans where bladder or rectum doses were high.

![Orthogonal radiograph showing ICRU bladder and rectum point along with two points 1.5cm above and below ICRU bladder point and four points 5mm cranially and cadually from ICRU rectal point.](JBPE-9-603-g001){#JBPE-9-603-g001.tif}

### B. Three Dimensional CT Planning {#sec2-1-2}

After taking informed consent, patients also underwent CT scan. CT scan of 5mm slice thickness was done for each ICBT fraction of all patients using Philips, Brilliance CT simulator. CT images were transferred to TPS, then bladder, rectum and small bowel were delineated. The bladder contour included the outer wall of the bladder and ended at the beginning of the urethra. Rectum was defined from the top of two femoral heads to 3cm superior to the anal verge. Intestines excluding sigmoid colon were contoured as the small bowel. Treatment planning was generated and DVHs were calculated for OARs. Same dwell positions were replicated as were in 2D plan. DVH parameters D~2cc~, D~1cc~ and D~0.1cc~ representing the minimum dose to maximum irradiated tissue volumes of 2cc, 1cc and 0.1cc were evaluated from DVH. Volumes corresponding to 50%, 80%, 100%, 150% and 200% dose received by OARs were also reported. D~2cc~ doses for bladder and rectum were compared to ICRU point doses received by bladder and rectum.

Statistical Analysis {#sec2-2}
--------------------

Paired t-test was used to compare the D~2cc~ volume dose of bladder and rectum with ICRU point dose received by bladder and rectum, respectively. The maximum point dose D~Max~ was also compared with D~2cc~ dose. Scatter plots were drawn based on mentioned relationships. Mean ratio D~2cc~/D~ICRU~ and the correlation between point A doses observed on 2D plan and CT-based plan were also found.

Results {#sec1-3}
=======

60 intracavitary applications were studied. FIGO classification was used for tumour staging. 10 patients were from stage IIB, 1 from IIA and 9 patients from IIIB. Mean age of patients was 41years (range: 25-56 years), and activity of Ir-192 source ranged from 10Ci to 2Ci. The total reference air kerma (TRAK) was 0.46±0.06 cGy at 1m.

On comparison of point A doses from 2D plan and CT-based plan, it was found that they correlated well (Pearson correlation: -0.892). [Table 1](#T1){ref-type="table"} demonstrates the ICRU point doses, D~2cc~ doses received by bladder and rectum and the ratio between D~2cc~ and D~ICRU~. The mean ICRU point dose D~ICRUb~ and mean minimal doses to 2cc volume, D~2cc~ for bladder were 4.92±1.89 Gy (range 9.83) and 6.91±1.58 Gy (range 9.27) respectively while D~ICRUr~ and D~2cc~ for rectum were 4.58±1.15 Gy (range 6.90) and 4.82±0.88 Gy (range 4.14) respectively. D~2cc~ baldder dose is 1.60 (±0.67) times more than D~ICRUb~ bladder dose whereas D~2cc~ rectum dose is 1.13±0.40 times D~ICRUr~. Statistical analyses showed significant differences between D~ICRUb~ and D~2cc~ dose for bladder (p=.0.016) but no significant differences were seen between D~ICRUr~ and D~2cc~ dose for rectum (p=0.964). The volume of bladder and rectum receiving at least the ICRU point dose (V~ICRU~) was found to be 11.05±8.25cc and 4.98±3.83 cc, respectively ([Table 1](#T1){ref-type="table"}).

###### 

Mean doses to ICRU points , D~Max~ point , V~ICRU~ and D~2cc~ volume of bladder and rectum.

                                                   Bladder                  Rectum
  ------------------------------------------------ ------------------------ ------------------------
  **Mean ICRU point dose (D~ICRU~) (Gy)**          4.92±1.89 (range 9.83)   4.58±1.15 (range 6.90)
  **Mean D~2cc~ dose (Gy)**                        6.91±1.58 (range 9.27)   4.82±0.88 (range 4.14)
  **D~2cc~/D~ICRU~**                               1.60±0.67                1.13±0.40
  **D~Max~** [\*](#t1f1){ref-type="table-fn"}      5.43±1.35 (range 7.11)   5.59±1.90 (range 8.65)
  **V~ICRU~** [\*\*](#t1f2){ref-type="table-fn"}   11.05±8.2                4.98±3.83

D~Max~- Maximum dose to point situated 1.5cm superior to ICRU bladder point and to point situated 5mm cranially to ICRU rectal point.

V~ICRU~- Volume of bladder and rectum receiving at least the ICRU point dose.

Dose D~Max~ for bladder and rectum was found to be 5.43±1.35 Gy (range 7.11) and 5.59±1.90 Gy (range 8.65) respectively ([Table 1](#T1){ref-type="table"}). D~2cc~ for rectum was not significantly different from doses observed at maximal rectal point (p=0.155). D~2cc~ for bladder, however, differed significantly from D~Max~ bladder (p=0.032). The mean volumes receiving 50% (3.5Gy), 100% (7Gy), 150% (10.5Gy) and 200% (14Gy) dose of prescribed doses in 2D plan and CT-based plan are depicted in [Table 2](#T2){ref-type="table"}, and these volumes were calculated using TRAK. Mean contoured volumes of bladder, rectum and small bowel were 101.48±70.88cc, 53.68±16.58cc and 272.75±115.60cc, respectively. Mean volumes of bladder, rectum and sigmoid receiving 50% (3.5Gy), 80%, 100% (7Gy), 150% (10.5Gy) and 200% (14Gy) dose are mentioned in [Table 3](#T3){ref-type="table"}. Doses received by 1cc volume of bladder, rectum and small bowel are 7.73±1.56 Gy, 5.32±0.97 Gy and 4.02±1.94 Gy, respectively while doses received by 0.1cc of bladder, rectum and small bowel are 8.70±1.58 Gy, 6.31±1.12 Gy and 4.82±2.22 Gy, respectively.

###### 

Mean volumes of different isodose curves obtained from 2D plan and CT-based plan.

  Dose Gy (% of prescribed dose)   Vol. From 2D plan (cm^3^)   Vol. from CT-based plan (cm^3^)
  -------------------------------- --------------------------- ---------------------------------
  3.5 (50)                         237.79±61.28                224.79±58.43
  7 (100)                          80.53±20.93                 76.77±19.95
  10.5 (150)                       42.95±11.16                 40.95±10.64
  14 (200)                         27.5±7.14                   26.22±6.81

###### 

Mean volumes of bladder, rectum and bowel receiving 50%, 100%, 150% and 200% of the prescribed dose and mean contoured volume of bladder and rectum.

  Dose in % of prescribed dose     Bladder        Rectum        Bowel
  -------------------------------- -------------- ------------- ---------------
  50%                              30.93±17.33    9.83±3.64     13.13±6.52
  80%                              7.85±7.04      3.63±1.95     4.77±2.5
  100%                             2.34±2.24      0.58±0.51     0.99±0.88
  150%                             0.56±0.62      0.12±0.28     0.28±0.43
  200%                             0.09±0.27      0±0           0±0
  Mean contoured volumes (cm^3^)   101.48±70.88   53.68±16.58   272.75±115.60

[Figures 2](#JBPE-9-603-g002.tif){ref-type="fig"} and [3](#JBPE-9-603-g003.tif){ref-type="fig"} show the ratio of D~2cc~ to D~ICRU~ for bladder and rectum for all intracavitary applications.

![Ratio of D~2cc~, the dose received by the 2 cm^3^ of the volume of bladder to ICRU bladder reference point for all patients.](JBPE-9-603-g002){#JBPE-9-603-g002.tif}

![Ratio of D~2cc~, the dose received by the 2 cm^3^ of the volume of rectum to ICRU rectal reference point for all patients.](JBPE-9-603-g003){#JBPE-9-603-g003.tif}

[Figures 4](#JBPE-9-603-g004.tif){ref-type="fig"} and [5](#JBPE-9-603-g005.tif){ref-type="fig"} are scatter diagrams showing correlations between DMax and D2cc for bladder and rectum, respectively.

![Scatter diagram depicting correlation between D~Max~ and D~2cc~ bladder.](JBPE-9-603-g004){#JBPE-9-603-g004.tif}

![Scatter diagram depicting correlation between D~Max~ and D~2cc~ rectum.](JBPE-9-603-g005){#JBPE-9-603-g005.tif}

Discussion {#sec1-4}
==========

The conventional method of planning on 2D orthogonal radiographs is frequently used in ICBT. ICRU 38 report has been used for reporting point doses in intracavitary brachytherapy. It recommends to report the reference volume and evaluate doses to point A, point B, bladder and rectal reference points. However, these points do not represent the true dose to organ volumes. Therefore, 3D imaging came into the role as it delineated targets and OARs easily and calculated dose-volume relationships possible through DVHs. In this study, we have tried to compare and correlate the ICRU point doses for bladder and rectum obtained from the conventional plan with volumetric doses from CT-based plan.

Bladder {#sec4-2}
-------

Our findings suggest that for bladder, D~ICRUb~ in 2D plan underestimated the dose to bladder. The maximum dose to bladder was found 1.60(±0.67) times higher than ICRU bladder dose. [Figure 2](#JBPE-9-603-g002.tif){ref-type="fig"} illustrates this result. This value was similar to other studies. Tan et al. reported ICRU bladder point dose was less than D~2cc~ dose to bladder by a ratio of 1.34 \[[@ref6]\]. Fellner et al. showed that D~2cc~ bladder dose was 1.4 ±0.5 times ICRU bladder point dose \[[@ref7]\]. Jamema et al. and Vinod et al. showed similar results \[[@ref2],[@ref8]\]. There was significant difference found between D~2cc~ and D~ICRUb~ for bladder in the present study which was similar to results reported by other published studies \[[@ref8],[@ref9]\]. In our study, poor correlation was found between D~2cc~ and D~ICRUb~ for bladder. Barrilot et al. using transabdominal ultrasound found that no correlation existed between ICRU point dose and D~2cc~ dose of bladder \[[@ref10]\]. Significant difference was seen between D~Max~ and D~2cc~ for bladder and there was no correlation between them which can be easily seen in Figure 4. D~Max~ i.e. maximal point dose to bladder was higher than D~ICRUb~. This shows that ICRU bladder reference point does not represent the maximum point dose. In fact, the maximal point dose is situated 1.5cm above the ICRU bladder point.

Rectum {#sec4-3}
------

D~ICRUr~ was similar to D~2cc~ dose of rectum in CT-based plan. The maximum dose to rectum was found to be 1.13(±0.40) times the ICRU rectal point dose. This is visible in [Figure 3](#JBPE-9-603-g003.tif){ref-type="fig"}. Other investigators showed similar results. Tan et al. showed ICRU rectal point underestimated D~2cc~ rectum dose by a mean ratio (D~2cc~/D~ICRUr~) of 1.0 \[[@ref6]\]. Pelloski et al. found that there was only a mean difference of 21cGy± 344 cGy between D~ICRU~ and D~2cc~ rectum which was not significant and similar to our results \[[@ref9]\]. No significant difference was observed between D~2cc~ and D~ICRU~ values of rectum which was in agreement with studies done by Kim et al. and Vinod et al \[[@ref8],[@ref11]\].

No correlation was observed between D~2cc~ and D~ICRUr~ for rectum in the present study. This was in agreement with few studies \[[@ref12],[@ref13],[@ref14]\]. D~Max~ and D~2cc~ doses for rectum did not differ significantly in our study which it was similar to findings of Hashim et al. \[[@ref5]\]. D~Max~ and D~2cc~ for rectum showed no correlation which can be concluded from [Figure 5](#JBPE-9-603-g005.tif){ref-type="fig"} that this is different from values found by Vinod et al. who showed that there existed a good correlation between D~max~ and D~2cc~ for rectum \[[@ref8]\].

D~Max~ for rectum was higher than D~ICRUr~ differed from studies done by Deshpande et al. \[[@ref15]\] and Mahanshetty et al. \[[@ref16]\] in which they said that there was no difference between maximal rectal dose point and ICRU rectum point. The difference in results could be due to improper vaginal packing causing shifts in the applicator position thereby changing the ICRU rectal point and changing the maximal rectal point with respect to changes in ICRU rectal point. However, Jason C et al. \[[@ref17]\] showed that D~Max~ and D~ICRU~ points were different and the maximal rectal dose point was situated proximal in ICRU rectum point. This result was in line with our study.

Small Bowel {#sec4-4}
-----------

D~2cc~ dose to small bowel was not found, as traditionally it is not reported. Small bowel being a mobile organ can move in and out of the area to which the radiation dose is prescribed. Therefore it becomes difficult to find the dose received by the certain part of its volume during radiotherapy treatment. However it will be good to contour this organ for all such patients to have better ideas of toxicity.

Dose to 1cc and 0.1cc volume of bladder, rectum and bowel ([Table 4](#T4){ref-type="table"}) obtained from DVH of CT-based plan was found similar to results published by other investigators \[[@ref3],[@ref18],[@ref19]\] The reference volume in this study was calculated using TRAK. Other studies have used different methods to find the reference volume. Esche et al. used milligram hours of radium to find out the the reference volume \[[@ref20]\]. Deshpande et al. \[[@ref15]\] calculated the reference volume using TRAK. In our study, volumes receiving 50%, 100%, 150% and 200% of point A dose that have been found using TRAK were approximately same for both 2D orthogonal radiographs and CT-based plan. This was similar to results obtained by Jamema et al. \[[@ref2]\] However, different results were observed in the study done by Onal et al. \[[@ref4]\] which showed larger mean isodose volumes for 50% and 100% isodose curves by CT-based plan were compared to conventional 2D plan. No difference was found for 150% and 200% isodose lines. Mean volumes of bladder, rectum and sigmoid receiving 50% (3.5Gy), 80%, 100% (7Gy), 150% (10.5Gy) and 200% (14Gy) dose were almost same as values obtained from the study done by Shin et al. and Fellner et al. \[[@ref7],[@ref21]\]. V~ICRU~ values ([Table 1](#T1){ref-type="table"}) were close to results from other published studies \[[@ref2],[@ref7],[@ref9]\].

###### 

Volume and doses of OAR from CT-based plan.

  Volume (cm^3^)   Bladder     Rectum      Bowel
  ---------------- ----------- ----------- -----------
  2cc              6.91±1.59   4.82±0.88   3.58±1.76
  1cc              7.73±1.56   5.32±0.97   4.02±1.94
  0.1cc            8.70±1.58   6.31±1.12   4.82±2.22

Conclusion {#sec1-5}
==========

Results of our study suggest that ICRU 38 point doses are not the true representation of maximum dose received by OARs in ICBT. These points should be used carefully while evaluating the dose to OARs. The three-dimensional image based on planning is a more reliable and useful tool for assessment of dose to normal structures. There is a need to practice the three-dimensional image based on brachytherapy to predict better treatment outcomes. The literature reporting doses to various points need a fresh outlook in Indian context due to anatomical size and variations. Reproducibility of applications and quality assurance are most critical parameters for accurate assessment of doses and have potential to improve treatment results.
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